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TITLE OF THE INVENTION 
GATE DRIVING CIRCUIT 

FIELD OF THE INVENTION 
The present invention relates to a gate driving 
circuit, and more particularly, to a gate driving 
circuit used in a power inverting device and the like. 

BACKGROUND OF THE INVENTION 

In recent years, the environmental problems such 
as earth warming due to release of carbon dioxide gas 
accompanying use of fossil fuels, radioactive 
contamination caused by accidents in atomic power 
plants and nuclear waste are serious, and the spotlight 
centers on terrestrial environment and energy. In this 
situation, a solar cell utilizing sunlight as 
inexhaustible and clean energy source, geothermal power 
generation utilizing geothermal source, wind power 

generation utilizing wind power and the like are in 

practical use in the world. 

The direct current electric power generated using 

the above natural energy is converted to alternating 

current electric power by an electric power converting 

device called an inverter, and supplied to, e.g., a 

commercial electric power system. 

In this electric power converting device, 

improvement in conversion efficiency is important and 
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power loss ±n a gate driving circuit is not negligible. 
To reduce the power loss, use of snubber energy in gate 
driving is known (See, e.g., Japanese Published 
Unexamined Patent Application No. 5-344708). Further, 
5 regeneration of gate electric power of a converter of a 
transistor on the power source side of a gate driving 
circuit is known (See, e.g., Japanese Published 
Examined Patent Application No. 3-36332). These 
techniques are generally regarded as electric power 
10 regeneration techniques, and unless these techniques 
are utilized, the gate electric power becomes electric 
power loss. 

On the other hand, as a method of effectively 
using electric power generated by a solar cell, a 

15 single cell converter system is proposed (See, e.g., U. 
S. Patent No. 5,660,643). According to this method, 
power generated by solar cells, which are not serially 
connected, as a low voltage of about IV, is inputted 
into an electric power converting device, voltage- 

20 boosted there and utilized. 

In this converter system, the gate driving power 
and the reduction of power loss are also important. 
However, any method for reducing electric power loss, 
appropriate to a gate driving circuit used in a low- 

25 voltage area to handle a comparatively small amount of 
electric power, has not been proposed so far. 



2 
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SUMMARY OF THE INVENTION 

The present invention has its object to provide a 
gate driving circuit with a reduced power loss used in 
a low-voltage small area to handle a small amount of 
electric power. 

According to one aspect of the present invention, 
the foregoing object is attained by providing a gate 
driving circuit comprising: a direct current power 
source; a driving signal source for output ting a high- 
level or low-level signal; a main switch device, having 
a gate terminal in which the signal outputted from the 
driving signal source is inputted, for controlling a 
conduction state between a source terminal and a drain 
terminal in correspondence with a level of the signal; 
a load energized when the conduction state between the 
source terminal and the drain terminal becomes a 
conductive state; reverse current blocking means, 
connected between the driving signal source and the 
gate terminal, for outputting a signal only in a 
direction from the driving signal source to the gate 
terminal; and regenerative means, connected between the 
gate terminal and a high potential side of the direct 
current power source, which becomes the conductive 
state when the conduction state between the source 
terminal and the drain terminal is a non- conductive 
state, wherein a gate- source threshold voltage to 
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obtain the conductive stat between th source terminal 
and the drain terminal is higher than an output voltage 
of the direct current power source. 

In this construction, a part of electric power 
5 used upon driving a main switch device can be 

regenerated (reused) on the power source side or load 
side, thus the electric power loss accompanying driving 
of the main switch device can be reduced. Further, 
when the main switch device is in a non-conductive 

10 state, as the voltage applied to the gate terminal is 
merely dropped to the voltage of direct current power 
source, the potential difference between the conductive 
state of the gate and the non- conductive state of the 
gate becomes small, and driving electric power 

15 necessary for obtaining the conductive state can be 
reduced . 

Accordingly, the electric power loss can be 
reduced in a gate driving circuit used in a low-voltage 
area to handle a small amount of electric power. 
20 In the gate driving circuit, the main switch 

device may include an N- channel MOSFET or an N- channel 
IGBT. 

Further, in the gate driving circuit, the reverse 
current blocking means may include a diode. 
25 Further, in the gate driving circuit, the 

regenerative means may include a MOSFET. 

Further, another object of the pres nt invention 
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is to provide a power source circuit using the above 
gate driving circuit. 

According to another aspect of the present 
invention, the foregoing object is attained by 
providing a power source circuit comprising: a gate 
driving circuit having: a direct current power source; 
a driving signal source for outputting a high-level or 
low-level signal; a main switch device, having a gate 
terminal in which the signal outputted from the driving 
signal source is inputted, for controlling a conduction 
state between a source terminal and a drain terminal in 
correspondence with a level of the signal; a load 
energized when the conduction state between the source 
terminal and the drain terminal becomes a conductive 
state; reverse current blocking means, connected 
between the driving signal source and the gate terminal, 
for outputting a signal only in a direction from the 
driving signal source to the gate terminal; and 
regenerative means, connected between the gate terminal 
and a high potential side of the direct current power 
source, which becomes the conductive state when the 
conduction state between the source terminal and the 
drain terminal is a non-conductive state, wherein in 
the gate driving circuit, a gate-source threshold 
voltage to obtain the conductive state between the 
source terminal and the drain terminal is higher than 
an output voltage of the direct current power source. 
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and wherein when the conduction state between the 
source terminal and the drain terminal becomes the 
conductive state, the output voltage from the direct 
current power source is supplied to the load. 

Further , in the power source circuit, the load 
may Include a primary- side coil of a transformer. 

Further , the power source circuit may perform 
DC /AC conversion. 

Further, in the power source circuit, the direct 
current power source includes plural solar cells which 
are not serially connected. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same name or similar parts throughout the figures 
thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings , which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
of the invention. 

Fig. 1 is a block diagram showing the 
construction of a gate driving circuit according to a 
first embodiment of the present invention; 
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Fig. 2 is a block diagram showing an equivalent 
circuit upon regeneration of gate charge in the circuit 
in Fig. 1; 

Fig. 3 is a table showing a comparison of energy 
between the circuit in Fig. 1 and a conventional gate 
driving circuit; 

Fig. 4 is a block diagram showing the 
construction of the gate driving circuit according to a 
second embodiment of the present invention; 

Fig. 5 illustrates potentials of respective parts 
necessary for the operation of the gate driving circuit 
in Fig. 4; 

Fig. 6 is a block diagram showing the 
construction of a push-pull powier inverter according to 
a third embodiment of the present invention; 

Fig. 7 is a block diagram showing the 
construction of a conventional push-pull power inverter 
as a comparative example; 

Fig. 8 is a block diagram showing the 
construction of the push-pull power inverter according 
to a fourth embodiment; and 

Fig. 9 is a block diagram showing the 
construction of a conventional push-pull power inverter 
as a comparative example. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of th present invention 
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will now be described in detail in accordance with the 
accompanying drawings. 
<First Embodiment > 

Fig. 1 is a block diagram showing the 
construction of a gate driving circuit according to a 
first embodiment of the present invention. As shown in 
Fig. 1, the gate driving circuit includes reverse 
current blocking means 1, regenerative means 2, a main 
switch device 3, a load 4, a gate driving signal source 
5 and a direct current power source 8 . Note that 
reference numeral 6 denotes a high-potential side 
terminal of the power source, and 7, a low-potential 
side terminal of the power source. Hereinbelow, the 
respective constituent elements and their operations 
will be described. 
[Main Switch Device 3] 

The main switch device 3 is a MOS gate switch 
device of P-channel or N-channel conductive type. In 
the present invention, the relation between the 
absolute value of a threshold voltage to turn the gate 
ON and the absolute value of the power source voltage 
is substantially important, and the former must be 
greater than the latter. Only if this condition is 
satisfied, the advantage of the present invention, 
"improvement in efficiency by gate charge regeneration" 
can be obtained. 

Note that in the pres nt specification, "the 

8 
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high-potential side of the power source" corresponds to, 
depending on the conductive type of the switch device, 
the positive pole side of the power source in the case 
of N-channel MOSFET or N-channel IGBT, or corresponds 
to the negative pole side of the power source in the 
case of P-channel MOSFET or P-channel IGBT. That is, 
the high-potential side does not merely indicate the 
level of voltage. Further, "the low-potential side of 
the power source" corresponds to the opposite side to 
the "high-potential side of the power source" . 

[Reverse current blocking Means 1] 

In brief, the reverse current blocking means 1 is 
a switch means which operates in synchronization with 
the main switch device 3. Preferably the reverse 
current blocking means is a diode. Other than the 
diode, a mechanical contact such as a relay, a small - 
capacity MOSFET, a 3 -state gate (logic gate capable of 
output ting High, Low and High impedance (no connection) 
states) used in a digital circuit may be employed. 
Further, a photo MOS relay as a combination of a photo 
diode and a MOSFET, and the like, may be employed. 

In the present embodiment, the reverse current 
blocking means is provided with control means which, 
when the main switch device 3 is ON, turns the switch 
means ON (conductive state), on the other hand, when 
the main switch device 3 is OFF, turns the switch means 

9 
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OFF (non- conductive state). 

[Regenerative Means 2] 

The regenerative means 2 is a switch means which 
operates complementarily to the main switch device 3. 
Basically the regenerative means 2 is a switch means 
similar to the reverse current blocking means 1. 
However, a diode is not appropriate as the regenerative 
means 2 since in use of diode, when the main switch 
device 3 is turned ON by application of high potential 
to the gate, the electric current flows to the power 
source side and power loss is continuously caused while 
the main switch device 3 is ON. 

Accordingly, as the regenerative means 2 of the 
present embodiment, a small -capacity MOSFET or the like 
is preferably employed as a switch device where the 
conduction state can be controlled by a control 
terminal. The regenerative means 2 is provided with 
control means which, when the main switch device 3 is 
ON, turns the switch means ON, on the other hand, when 
the main switch device 3 is OFF, turns the switch means 
OFF. 

As the switch means used as the regenerative 
means 2, a small -capacity MOSFET of the same conductive 
type as that of the main switch device 3 is 
particularly preferable. By utilizing the relation of 
the potential that the absolute threshold voltage to 

10 
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turn the gate ON is greater than the absolute voltage 
of the power source, this switch means can be driven by 
the power source to drive the main switch device 3. At 
this time, power loss is caused by gate charge in the 
small -capacity MOSFET as in the case of the main switch 
device, however, as the switch means used as the 
regenerative means has a small capacity merely to drive 
the main switch device, the power loss by the gate 
charge is extremely small in comparison with the power 
loss in the main switch device. In the case of a 
small -capacity N-channel MOSFET, having a high 
performance capability, the gate charge is particularly 
small . 

[Load 4] 

Since there is no particular limitation on the 
load 4, a necessary load such as a resistive load, an 
inductive load and a primary coil of a transformer can 
be appropriately used. 

[Direct Current Power Source 8] 

Also, there is no particular limitation on the 
type of direct current power source 8, however, the 
output voltage must be lower than the threshold value 
of the gate voltage to turn the main switch device 3. 
For example, if the gate voltage to turn the main 
switch device 3 ON is 2V, the voltage of the power 
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source must be lower, e.g., IV. 

Generally, as a conduction resistance value of a 
MOSFET changes exponentially with respect to the gate 
voltage, the threshold voltage to attain a resistance 
value in an ON state necessary for an application must 
be appropriately obtained by actual measurement or the 
like. It is possible to refer to a value described in 
a data sheet of a device to be used, however, in this 
case, attention must be paid to a resistance value of 
the switch device at that time (often defined as a 
measurement condition on the data sheet). 

Further, in the present embodiment, the voltage 
applied to the gate when the main switch device 3 is 
OFF is equal to the voltage of the direct current power 
source, but is not 0. Accordingly, the voltage of the 
direct current power source must be sufficiently lower 
than the above -obtained threshold voltage; if the 
voltage of the direct current power source is set 
otherwise, the main switch device 3 is not turned OFF 
upon regeneration and power supply to the load cannot 
be controlled. 

Further, the direct current power source used in 
the present embodiment must be provided with a function 
of receiving energy flowing from the gate, and for this 
purpose, it is desirable that the power source is 
provided with a power storage means as typified by an 
electrolytic capacitor. However, in some cases, a 

12 
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parasitic capacitance existing in the power source is 
sufficiently used as the power storage means, and the 
capacitor is not necessarily provided. 

As long as the above conditions are satisfied, a 
direct current power source can be selected from 
various devices such as a solar cell, a fuel battery, 
an alkaline dry cell, and a nickel hydride battery. 

[Gate Driving Signal Source 5] 

The gate driving signal source 5 of the present 
embodiment is not merely a signal source but must be a 
signal source with a small -capacity power source 
function to supply electric power to drive a gate 
electrostatic capacitance. The output voltage, which 
must be sufficient to turn the main switch device 3 ON, 
is about 2.5 to 15 V. Recently, the output voltage is 
particularly 3.3 or 5 V in correspondence with 
reduction of logic IC voltage. As an oscillation 
circuit used as a signal source and a power source 
circuit, well-known circuits can be employed, and the 
detailed explanation of the constructions thereof, 
almost not related to the subject matter of the present 
invention, will be omitted. 

(Particular Construction) 

Hereinbelow, the operation of the above 
embodiment will be described in detail. Note that in 

13 
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the following operation, as the direct current power 
source 8, a commercial AA alkali-manganese dry cell 
(output voltage: 1.5 V) and a multilayer ceramic 
capacitor (100 jiF) are serially connected, as the load 
4, a 100 Q resistor is used, and the reverse current 
blocking means 1 and the regenerative means 2, 
commercial photo MOS relays are used. 

Further, as the main switch device 3, an N- 
channel power MOSFET (model number: ISL9N302AP; a 
product of Fairchild Semiconductor) is used. As an N- 
channel MOSFET is most general power device, which more 
easily attains high performance in comparison with a P- 
channel device, is preferably used. Note that in the 
data sheet of the MOS used in the present embodiment, 
the threshold voltage is 1.0 to 3.0 V, however, as the 
actually-measured conduction resistance is 10 MQ or 
greater (i.e., OFF state) when the gate voltage is 
equal to the power supply voltage, 1.5 V, there is no 
problem regarding the operation of the present 
embodiment. The threshold voltage to substantially 
obtain the ON state is far greater than the power 
source voltage. In this manner, upon implementation of 
the present invention, it is substantially significant 
that the main switch device is turned OFF in a status 
where the power source voltage is applied to the gate 
of the main switch device. 

As the driving signal source 5, a rectangular 

14 
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wave oscillator having an output of 5 V (oscillation 
frequency: 100 Hz) is used. The output is connected to 
the reverse current blocking means 1 and the gate of 
the main switch device 3, and a negative output of the 
oscillator is connected to the regenerative means 2. 
In this arrangement, when the output from the 
oscillator is 5 V (high level), the main switch device 
3 and the reverse current blocking means 1 are turned 
ON, and the regenerative means 2 is turned OFF. On the 
other hand, when the output from the oscillator is 0 V 
(low level), the reverse current blocking means 1 and 
the main switch device 3 are turned OFF, and the 
regenerative means 2 is turned ON. To attain the 
advantages of the present invention, it is necessary to 
realize the above operations of the switches even with 
other circuit parts. 

Further, as a comparative example, a conventional 
gate driving circuit as shown in Fig. 9 is used. In 
this circuit, the reverse current blocking means and 
the regenerative means are omitted from the 
construction of the present embodiment. 

(Operation) 
(1) ON Operation 

When the output from the oscillator as the 
driving signal source 5 is 5 V, the gate of the main 
switch device 3 is charged to 5V via the reverse 



CFM03271/P203-0411 



current blocking means 1. The electrostatic 
capacitance of the gate of the main switch device 3 is 
11000 pF, and energy of 1/2 CV 2 (J) is stored at the 
gate. Note that in the comparative example, the 
operation in an ON state is the same. 
(2) OFF Operation 

When the output from the oscillator as the 
driving signal source 5 is 0 V, the reverse current 
blocking means 1 is turned OFF, and the regenerative 
means 2 is turned ON. Fig. 2 is an equivalent circuit 
diagram in this status. A capacitor 10 indicates the 
electrostatic capacitance of the main switch device 3, 
and numeral 9, parasitic impedance. The capacitor 10 
is connected through the parasitic impedance 9 to the 
direct current power source 8. 

As the gate driving voltage is 5 V and the 
voltage of the direct current power source 8 is 1.5 V, 
a part of the charge stored in the capacitor 10 flows 
into the direct current power source 8 and the energy 
is regenerated. The amount of regeneration is 
determined by the ratio between the voltage of the 
direct current power source 8 and the gate driving 
voltage. In this case, as the voltage of the direct 
current power source is 1.5 V and the gate driving 
voltage is 5 V, about 30% (= 1.5/5) of the energy sent 
from the driving signal source 5 to the gate is 
regenerated on the power source side. As a result of 

16 
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this operation, the gate voltage is dropped to 1.5 V as 
the voltage of the direct current power source 8 but is 
not further dropped. 

On the other hand, in the conventional circuit as 
shown in Fig. 9, the gate voltage is dropped to 0 V, 
and the energy stored by the gate electrostatic 
capacitance is released to the low potential side and 
lost. 

(3) Re -ON Operation 

In the conventional circuit, to turn the main 
switch device 3 ON, charging from 0 V to 5 V is 
necessary, however, in the circuit of the present 
embodiment, the charging is only from 1.5 V to 5 V, 
thus the energy necessary to turn the main switch 
device 3 ON again can be reduced. 

Fig. 3 shows the calculation results of energy 
recovery amount and the like in the operations of the 
above embodiment and the conventional art. As shown in 
Fig. 3, according to the present embodiment, about 30% 
of the sent energy can be recovered, and more energy 
sent in the ON state can be saved in comparison with 
the conventional art, the total amount of the gate 
driving energy (= transmitted energy - recovered 
energy) can be reduced about 51%. In this manner, as 
the gate driving energy can be reduced, the capacity of 
the gate driving power source can be small. 



17 
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< Second Embodiment > 

Hereinbelow, a second embodiment of the present 
invention will be described. Note that in the 
following description, similar elements to those of the 
above first embodiment have the same reference numerals 
and the explanations thereof will be omitted. 

Fig. 4 is a block diagram showing the 
construction of the gate driving circuit according to 
the second embodiment of the present invention. As a 
particular construction of the present embodiment, a 
commercial nickel hydride battery (1.2 V) and an 
aluminum electrolytic capacitor (470 jaF) are serially 
connected as the direct current power source 8. The 
main switch device 3, the driving signal source 5 and 
the load 4 are the same as those of the first 
embodiment . 

As the reverse current blocking means, a Schottky 
barrier diode 100 is used, and as the regenerative 
image, a small -capacity N-channel MOSFET 200 (model 
number: IRLMS1902; a product of International 
Rectifier) is used. As a diode is used as the reverse 
current blocking means , automatic reverse current 
blocking can be realized, and wiring from the driving 
signal source 5 can be omitted. 

Further, an inverse logic signal of that applied 
to the main switch device 3 is sent to the gate of the 
small -capacity MOSFET 200 via an NOT device 201, such 

18 
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that the small -capacity MOSFET 200 is turned OFF when 
the main switch device 3 is turned ON while the small - 
capacity MOSFET 200 is turned ON when the main switch 
device 3 is turned OFF. 

As shown in Fig. 4, the source terminal of the 
small -capacity MOSFET 200 is connected to the high 
potential side of the direct current power source 8, 
and the drain terminal is connected to the gate 
terminal of the main switch device 3. This is inversed 
connection to normal connection (generally in an N- 
channel MOSFET, the drain terminal is connected to the 
positive potential side of the power source), however, 
by this connection, discharging (leakage) of stored 
charge in the gate of the main switch device 3 through 
the internal diode of the MOSFET can be prevented. 

Further, from the relation of the potentials, 
when the main switch device 3 is OFF, the source-gate 
voltage of the small -capacity MOSFET 200 is 3.8 V (= 5 
V - 1.2 V), accordingly, a device which becomes ON at 
this voltage must be selected. The small -capacity 
MOSFET 200 used in the present embodiment satisfies 
this requirement. The charge stored at the gate of the 
main switch device 3 is regenerated via the small - 
capacity MOSFET 200 to the direct current power source 
8. 

Fig. 5 illustrates the relation among the 
potentials in the present embodiment . To perform the - 

19 
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operation of the present embodiment, the relation among 
the threshold potential of the gate to turn the main 
switch device 3, the potential of the direct current 
power source 8, and the driving potential applied to 
the gate to turn the main switch device 3 ON must be as 
shown in Fig. 5. 

The feature of the present embodiment is that the 
construction is more compact than that of the first 
embodiment. A regenerative block 60 having the small- 
capacity MOSFET 200, the NOT device 201 and the reverse 
current blocking diode 100 can be easily formed as a 
single semiconductor chip. As the operation of the 
present embodiment is the same as that of the first 
embodiment, the explanation thereof will be omitted. 

<Third Embodiment > 

Hereinbelow, a third embodiment of the present 
invention will be described. Note that in the 
following description, similar elements to those of the 
above first and second embodiments have the same 
reference numerals and the explanations thereof will be 
omitted. 

The present embodiment is an example where the 
gate driving circuit according to the present invention 
is applied to a push-pull power inverter. Fig. 6 is a 
block diagram showing the construction of a solar power 
generation system having a push-pull power inverter to 

20 
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which the gate driving circuit of the present invention 
is applied. 

The solar power generation system has a solar 
cell 81 and a capacitor 82 are parallel-connected as 
the direct current power source, and respectively 2 
main switch devices 3a, 3b and regenerative blocks 60a, 
60b similar to those in the gate driving circuit of the 
second embodiment. Further, the system has a 
transformer 40, diode bridges 50a to 50d, and a 
smoothing filer having a coll 70 and a capacitor 71, 
for power inversion. The inverted electric power is 
stored in a secondary battery 90* 

In the construction in Fig. 6, a well-known 
tandem solar battery, as a so-called "single cell" type 
solar battery module (output under a standard 
measurement condition (AM 1.5, 1.0 kW/m 2 ) is 1.0 V 10A) 
which is not electrically serially connected outside, 
is used as the solar cell 81, and a multilayer ceramic 
capacitor (100 jxF) is used as the capacitor 82. A 
transformer having a 1:15 coil turn ratio is used as 
the transformer 40. The primary side coil of the 
transformer 40 is used as the load of the main switch 
device 3. Further, the output from the secondary side 
coil of the transformer 40 is rectified by the diode 
bridges 50a to 50d, smoothed through the smoothing 
filter having the coil 70 and the capacitor 71, and 
s nt to the commercial secondary battery 90 (voltage: 
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12V, capacity: 200 Ah) . A 50% duty rectangular-wave 
oscillator is used as the driving signal source 5, to 
ON/OFF drive the main switch devices 3a and 3b 
alternately. 

Fig, 7 is a block diagram showing the 
construction of a circuit adopting conventional gate 
driving as a comparative example. It is easily 
understood that this circuit is different from the 
circuit as shown in Fig. 6 in that the regenerative 
blocks 60a and 60b are not used. 

The operation of the regenerative blocks 60a and 
60b is the same as that described in the second 
embodiment. As the regenerative blocks operate to 
directly regenerate the charge stored at the gates of 
the main switch devices 3a and 3b on the power source 
side and the load side, the gate driving power can be 
reduced . 

As described above, the present invention is 
advantageous in a power inverter such as a push-pull 
circuit. Especially in a circuit driven on 50% duty 
such as a push-pull circuit of the present embodiment, 
as driving signals to the main switch devices 3a and 3b 
are complementary to each other, the NOT device 
included in the regenerative block can be omitted by 
directly utilizing this relation, thus the construction 
of the regenerative block can be further simplified. 
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<Fourth Embodiment > 

Hereinbelow, a fourth embodiment of the present 
invention will be described . Note that in the 
following description, similar elements to those of the 
above first to third embodiments have the same 
reference numerals and the explanations thereof will be 
omitted. 

Fig. 8 is a block diagram showing the 
construction of the fourth embodiment. In the present 
embodiment, as the reverse current blocking means 
provided in the regenerative block 60, a 3-state buffer 
device 101 (model number: 74HC126) is used, and the 
signal from the driving signal source is directly 
inputted into the conduction control terminal as shown 
in Fig. 8. 

In this arrangement, if the output from the 
driving signal source 5 is at the high level, the 
output is applied to the gate terminal of the main 
switch device 3, while if the output from the driving 
signal source 5 is at the low level, the gate terminal 
of the main switch device 3 and the driving signal 
source 5 are in a non-connected state (high impedance 
connection state) and the above reverse current 
blocking means operates. The power loss is reduced in 
comparison with the case using a Schottky diode as the 
reverse curr nt blocking means, and this arrangement is 
advantageous in integration. 
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Note that the gate driving circuit of the present 
invention can be applied to an apparatus comprising a 
single device (e.g., a power supply apparatus) or to a 
system constituted by a plurality of devices (e.g., a 
5 power supply system) . 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
10 specific embodiments thereof except as defined in the 
appended claims. 
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